Transmembrane distribution of lipophilic cations in response to an electrochemical potential in reconstituted cytochrome c oxidase vesicles and in vesicles exhibiting a potassium ion diffusion potential.
It has been shown previously that biogenic amines and a number of pharmaceutical agents can redistribute across vesicle membranes in response to imposed potassium ion or proton gradients. Surprisingly, drug accumulation is observed for vesicles exhibiting either a pH gradient (interior acidic) or a membrane potential (interior negative), implying that these compounds can traverse the lipid bilayer as either the neutral or charged species. This interpretation, however, is complicated by the fact that vesicles exhibiting a membrane potential (interior negative) accumulate protons in response to this potential, thereby creating a pH gradient (interior acidic). This raises the possibility that in both vesicle systems drug redistribution occurs in response to the proton gradient present. We have therefore compared the uptake of several lipophilic cations by reconstituted cytochrome c oxidase vesicles and by similar vesicles exhibiting a potassium ion diffusion potential. While turnover of the oxidase generates a membrane potential of comparable magnitude to the potassium ion diffusion system, it is associated with a proton gradient of opposite polarity (interior basic). Both systems show rapid uptake of the permanently charged lipophilic cation, tetraphenylphosphonium, but only the potassium ion diffusion system accumulates the lipophilic amines doxorubicin and propranolol. This provides compelling evidence that such weak bases redistribute only in response to pH gradients and not membrane potential.